Aims We investigated the net benefit in the outcome of reducing treatment delay through field triage and emergency department (ED) bypass in patients with ST-elevation myocardial infarction (STEMI) treated with primary angioplasty. Methods and results In a prospective registry study, consecutive patients with suspected STEMI were assigned to: (i) pre-hospital ECG and triage or (ii) ECG and triage at the closest ED, solely based on ambulance availability. Four district hospitals and one regional heart centre serviced the 890 000 population metropolitan area and primary angioplasty was the only reperfusion strategy employed. Baseline characteristics were similar in STEMI patients triaged in the field (108) Conclusion Field-triage and ED bypass were feasible means of reducing treatment delay in patients with suspected STEMI and resulted in smaller infarct size in early presenters and a trend towards a reduction in mortality.
Introduction
It is generally accepted that a close relationship exists between ischaemia time (time from symptom onset to reperfusion), infarct size, and mortality in the early hours after coronary occlusion. 1 While this paradigm is supported by clinical data on fibrinolysis in ST-elevation myocardial infarction (STEMI), 2 data on primary percutaneous coronary intervention (PCI) are conflicting with studies showing no relation between ischaemia time and infarct size or mortality, [3] [4] [5] [6] and others demonstrating a close relationship. [7] [8] [9] [10] Nevertheless, the dogma that 'time is muscle' renders randomization of STEMI patients to excess treatment delays ethically problematic and the net benefit in outcome achieved from reducing treatment delays in primary PCI is not likely to be assessed in randomized controlled trials. We therefore utilized the partial introduction of a new, fast treatment pathway to primary PCI to obtain controlled data on the net benefit in the outcome associated with reducing treatment delay to primary PCI in unselected patients with suspected STEMI. The objective of this study was to test the hypothesis that fast-tracking STEMI patients from the field directly to the catheter laboratory, bypassing district and local emergency departments, is feasible and safe and that overall treatment delays and infarct size in early presenters are reduced significantly with this triage strategy compared with conventional triage.
Methods Emergency Triage of Acute Myocardial Infarction registry
The ETAMI (Emergency Triage of Acute Myocardial Infarction) registry was prospectively collected to monitor the quality of care and outcome during the implementation of a new treatment pathway combining pre-hospital ECG recording and field triage of patients with suspected STEMI directly to the catheter laboratory in the Northern Sydney Area Health Service (NSAHS). The population base was 890 000 people, and the NSAHS covered an area of 1600 km 2 and included four district hospitals that referred STEMI patients to a regional heart centre (RHC) for primary PCI. The longest distance from within the area to the RHC was 36 km and the corresponding longest transport time was estimated to be 54 min. The RHC was a high volume centre with approximately 550 emergency angioplasties performed annually by four interventional cardiologists.
Treatment pathways
Throughout the study period from 1 April 2004 to 30 September 2005, one-third of the ambulances at stations in the NSAHS were equipped for field triage. All emergency calls for an ambulance were answered by nurses at the call centre of the Ambulance Service of New South Wales and the callers were taken through structured interviews enabling computer-based suggestions for diagnoses and priority. If acute myocardial infarction were suspected, a field triage capable ambulance would be sent to the scene and if such an ambulance were not available, an ambulance with standard equipment attended the patient. While the latter took the patient to the ED of the closest hospital for diagnosis and management, the field triage ambulances had 12-lead ECG recording and transmission capabilities (Lifepack 12, Medtronic, Minneapolis, MN, USA) and were staffed with specifically trained paramedic ambulance officers. ECGs were transmitted to a dedicated computer (Lifenet RS, Medtronic, Minneapolis, MN, USA) in the ED of the RHC where emergency physicians analysed the ECG, called the ambulance, and triaged the patient: directly to the catheter laboratory when ECG and presentation indicated a STEMI or to (re-)assessment at the ED of the closest hospital if this were not the case (Figure 1 ). The catheter laboratory was activated immediately when patients were triaged to primary PCI and upon arrival at the RHC patients were taken through the ED on the ambulance stretcher on their way to the catheterization laboratory. In case of loss of consciousness, haemodynamic or respiratory instability during transport the ED physician would quickly review the patient, re-confirm STEMI suspicion, and try to stabilize the condition before rushing the patient to the catheter laboratory. In the majority of uncomplicated cases, the patient went straight to the catheter laboratory where the interventional cardiologist reviewed the patient before proceeding with an emergency angiogram.
Study population
Patients brought in by ambulance to one of the five NSAHS hospitals, presenting with a clinical suspicion of acute myocardial infarction, symptom onset within the past 24 h, ECG indicating STEMI, and who were subsequently triaged to an emergency angiogram were included in the study. ECG criteria for STEMI were !0.1 mV of ST-elevation in more than two contiguous leads or presumed new left bundle branch block. Patients suffering cardiac arrest before the ambulance reached them were excluded from analysis. Clinical characteristics of the study population are listed in Table 1 . The proportion of patients with hypertension was higher in the ED-than in the field-triaged group.
Treatment and monitoring
All patients received sublingual nitroglycerin and oral aspirin and had intravenous access established by ambulance officers. In addition, the ED-triaged patients were given 5000-10 000 IU of heparin intravenously and oral clopidogrel loading with 300 or 600 mg before transfer to the catheter laboratory. Angiography was performed according to standard procedure and included a ventriculogram usually recorded after PCI. Assessment of left ventricular ejection fraction and coronary stenoses was visual and the treatment strategy thereafter was at the discretion of the interventional cardiologist. In case of primary PCI, heparin up to a dose of 75-100 IU/kg was given intravenously, the use of glycoprotein IIIb/ IIa receptor blockers was optional, stents were used if deemed appropriate and the policy was only to treat the infarct-related artery. Cardiac surgery was available on-site. Monitoring included blood samples for Troponin-T (TnT) and creatine kinase (CK) on admission, 8 and 24 h after the procedure and on clinical indication as well as serial 12-lead ECGs.
Outcome measures and statistical analyses
Statistical analyses were performed in a JMP IN statistical package version 5.1.2 (SAS Institute Inc.) on an intention to treat basis, 44 (23) 16 (15) 0.10 Previous CABG, n (%) 14 (7) 10 (9) 0.54 Previous PCI, n (%) 20 (10) 14 (13) 0.50 Previous TIA/stroke, n (%)
15 (8) 5 (5) 0.30 Renal impairment, n (%)
12 (6) 5 (5) 0.57 SD, standard deviation; ED, emergency department; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention.
i.e. group assignment was based on ambulance allocation (standard or field-triage capable). Pre-defined outcome measures were ischaemia time, i.e. time elapsed from symptom onset to first balloon inflation, in-hospital mortality, and peak values of CK and TnT within 24 h following primary PCI. The markers of infarct size were analysed in the pre-specified subgroup of patients presenting to hospital within 2 h after symptom onset 1, 2, 5, 11, 12 in whom myocardial salvage is likely to depend on time to reperfusion. [13] [14] [15] Categorical data are presented as number with percentage in parentheses and continuous data as mean and 95% confidence intervals (95% CI) or as median value and inter-quartile range (IQR). Categorical data were analysed with a x 2 test or Fisher's test whenever appropriate 16 and the relative risk of death with 95% CI is given but should be interpreted with caution as this method has not been validated for limited sample size datasets. Continuous data were analysed using Student's t-test or ANOVA if normally distributed and with the Mann-Whitney or Kruskall-Wallis test if this were not the case (delay and biomarker data). All tests were two-sided and a P-value of 0.05 was considered significant. No correction was made for multiple testing.
Results

Triage and transport
During the study period, 541 patients had an ECG recorded in the field with 534 (99%) interpretable ECGs being read by the ED physicians. ECG criteria for STEMI were fulfilled in 108 (20%) patients, 101 of which were triaged directly to the catheter laboratory while seven patients were re-assessed in an ED and subsequently triaged to the catheter laboratory via the same pathway as the 193 patients who were attended by standard equipped ambulances and had their first ECG recorded in the ED of a district hospital (120) or the ED of the RHC (73). The quality and location of ischaemic ECG abnormalities in the triage ECGs were well-matched between triage groups ( Table 2) . Cardiac arrest occurred at the scene 3 or during transport 2 in 5 (5%) patients in the field triage group, whereas 12 (6%) patients in the conventional triage group suffered a cardiac arrest before reaching the catheter laboratory, five at the scene, one during transport, and six in the ED (P ¼ 0.57). They all reached the catheter laboratory alive. Four patients (4%) triaged in the field and seven ED-triaged patients (4%) were hypotensive on admission, did not respond to volume and pressor therapy within 30 min and were considered to be in a state of cardiogenic shock on admission (P ¼ 0.97). Two of these patients died in the catheter laboratory before an angiogram could be performed (one in each triage group).
Emergency angiography and reperfusion therapy
The ECG changes, haemodynamics, and the angiographic results are presented in Table 2 . These variables were obtained at different points in time in relation to symptom onset and the heart rate differed significantly between triage groups with higher values observed in the (delayed) ED-triaged patients. There were no significant between group differences in the number of diseased vessels or the location of coronary artery disease, however, the proportion of patients with an occluded infarct-related artery was significantly higher in the field-than in the ED-triaged group. The reperfusion strategy employed after the emergency angiogram and the angiographic outcome after primary PCI are listed in Table 3 . A higher proportion of patients in the field-triage group underwent primary PCI and a trend was noted towards fewer undergoing CABG during the admission when compared with the ED-triaged patients. The use of glycoprotein IIb/IIIa receptor blockers was lower in the clopidogrel loaded ED-triaged patients and this difference was present and of similar magnitude in early and late presenters. Of the 108 patients in the field-triage group significant coronary artery disease was detected in 99 (92%) and 93 (86%) underwent primary PCI.
Time to reperfusion Table 4 shows the time delays in the two treatment pathways. The time from symptom onset to hospital arrival was similar, whereas all other delays were significantly longer for ED-compared with field-triaged patients. In the latter group, symptom onset to balloon time was below 3 h in 58 of 93 patients (62%), while the corresponding number for ED-triage was 32 of 145 (22%), P , 0.001. The median time from symptom onset to TIMI-3 flow in the infarct-related artery was 103 min longer for ED-than for field-triage. While there was no significant difference in symptom onset to balloon time between patients triaged in the EDs at the RHC or district hospitals [256 (IQR: 152-392) min vs. 247 (IQR: 199-418) min, P ¼ 0.36] the door to balloon times at the RHC differed significantly and were 91 (IQR: 69-115) and 37 (IQR: 27-47) min in these groups, respectively, P , 0.001.
Infarct size
Peak levels of CK and TnT in patients who underwent primary PCI are presented in Figure 2 . In early presenters, these differed significantly between ED-and field-triaged patients: peak CK 2320 (95% CI: 1881-2762) U/L vs. 1435 (95% CI: 904-1966) U/L; P ¼ 0.009 and peak TnT 9.07 (95% CI: 6.75-11.40) vs. 4.32 (95% CI: 1.56-7.11); P ¼ 0.011, whereas no between-group differences were found in late presenters, in the entire group undergoing primary PCI or in the entire study population.
Mortality
Sixteen patients (5.3%) died during hospitalization, two (1.9%) in the field-triaged, and 14 (7.3%) in the ED-triaged group; P ¼ 0.046. The corresponding relative risk of in-hospital death was 0.26 (95% CI: 0.05-1.11) for fieldcompared with ED-triaged patients. For patients treated with primary PCI mortality was 1/93 (1.1%) and 11/145 (8.2%) in the two triage groups (P ¼ 0.025) and the relative risk of death 0.14 (95% CI: 0.01-1.08). While the proportions of patients with cardiogenic shock were similar; 18 of 193 (9.3%) vs. 10 of 108 (9.3%), a trend was noted towards lower mortality for cardiogenic shock in the field-than in the ED-triaged group of two of 10 (20%) vs. 10 of 18 (56%); P ¼ 0.074, relative risk of death 0.36 (95% CI: 0.10-1.33). In five (1.7%) patients, myocardial ruptures were documented: three free-wall ruptures (one by ventriculography and two by autopsy) and two ventricular septal defects (echocardiography). Surgery was attempted in three and one patient was discharged alive. Intra-aortic balloon pump therapy for cardiogenic shock was used in four of 10 patients (40%) in the field-triage and in three of 18 patients (17%) in the ED-triage group; P ¼ 0.180.
There were no differences between ED-and field-triaged patients in rate of re-infarction: five of 193 (2.6%) vs. none in 108 (0%); cardiac arrest: 20 of 193 (10.4%) vs. 10 of 108 (9.3%); or stroke: four of 193 (2.1%) vs. none in 108 (0%).
Discussion
In the current study, a feasible and safe means of reducing treatment delay in patients with STEMI was described. When this approach was applied to an all-comer population with suspected STEMI, outcome was improved exactly as predicted by the reperfusion paradigm. The indication of an in-hospital mortality benefit associated with the fast treatment pathway underscores the benefits of very early reperfusion and the clinical relevance of the reperfusion paradigm in primary PCI.
Treatment delay
The introduction of pre-hospital ECG and field-triage combined with ED bypass reduced the median treatment delay 95 min primarily through a reduction in door-to-balloon time. We detected no indication of an excess risk or of inappropriate referrals with this strategy although the majority of patients presented in the on-call period as expected. 17, 18 Short door-to-balloon times at the RHC have been achieved with inter-hospital transfers, [13] [14] [15] and the time gain associated with bypassing the ED after field-triage by a physicianstaffed ambulance has also been reported upon, 19, 20 but the reduction in treatment delay, the safety, and the clinical outcome of an approach where first physician contact is in the catheter laboratory has not been described previously. The treatment delays in our conventional treatment pathway are well within the range covered by clinical practice and trials documenting the advantage of transfer for primary PCI over on-site fibrinolysis, 13-15 but they are still 7 (5) 8 (9) 0.25 Bridge to CABG, n (%) 9 (6) 3 (3) 0.31 Emergency CABG, n (%)
1 (1) 1 (1) 0.68 CABG during admission, n (%)
18 (12) 4 (4) 0.08 ED, emergency department; TIMI-3: TIMI-flow grade 3 in the infarct-related coronary artery; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; GP, glycoprotein.
suboptimal judging from current guidelines 21 and highlight the need for new and faster treatment pathways for STEMI patients who do not call an ambulance but selfpresent at an ED.
Outcomes
Gersh and Anderson 1 initially described a two-phased relationship between ischaemia time and outcome after coronary occlusion characterized by an early phase (up to 3 h) where outcome is highly dependent on ischaemia time and the potential for reducing infarct size and mortality with reperfusion therapy is large, and a second later phase where outcome is less-dependent on ischaemia time and other factors determine outcome, presumably because most of the acutely jeopardized myocardium has already infarcted. While the clinical relevance of this reperfusion paradigm is supported by the literature on fibrinolysismediated reperfusion, 2 the reports relating to primary PCI are conflicting. [3] [4] [5] [6] [7] [8] [9] [10] Although a rough measure of infarct size peak CK values correlate closely with MRI assessment of infarct size in patients undergoing primary PCI, 22 and TnT exhibits similar early release kinetics in this setting. 22, 23 In the present study both variables indicate that infarct size was reduced in early, but not in late presenters when treatment delay was reduced, entirely in accord with the reperfusion paradigm and previous reports of greater extent of myocardial salvage, smaller infarct size, and better preservation of left ventricular ejection fraction in cohorts of patients with shorter treatment delays, 9, 10 but in conflict with the study of Schömig et al.
3 who found no relation between ischaemia time and infarct size in cohort data from two randomized trials. The lack of control for the j-shaped nature of the time-to-presentation vs. mortality (and presumably infarct size) curve in the latter study may explain the diverging results in early presenters. 1 The apparent in-hospital survival benefit associated with reducing treatment delays in the early hours after symptom onset also concur with the reperfusion paradigm and with several cohort studies demonstrating lower mortality in patients with shorter treatment delays.
1,4-8 That mortality was more closely related to door-to-balloon time than the total ischaemia time in some of these studies probably reflects that many patients were treated late and that the natural history of STEMI (the j-shaped time-to-presentation vs. mortality curve) was not controlled for. 1, [4] [5] [6] The results of this study parallel previous observations of favourable results obtained with the field triage strategy in STEMI and suggesting a particular benefit in patients developing cardiogenic shock. 20 This is in keeping with reports indicating beneficial effects on new onset cardiogenic shock and mortality in patients treated very early (pre-hospital) with fibrinolysis 11 and with the observed benefit of early PCI-mediated reperfusion in patients developing cardiogenic shock. 24, 25 Even with primary PCI, a substantial proportion of the potential mortality benefit appears to be lost in the early hours after symptom onset.
Study limitations
This was an observational study with the inherent possibility of bias in patient selection and management. A trend towards higher risk was apparent in the baseline characteristics of the ED-triage group (age, gender, prior myocardial infarction), but a significantly larger proportion of patients in the field-triage group had an occluded infarct-related artery at the time of angiography indicating higher risk. Whether the latter finding reflects selection, play of chance, intrinsic fibrinolysis, or effects of the upstream aspirin, clopidogrel, and heparin administered to the ED-triaged patients remains speculative, but this observation may offer an explanation to the lower rate of primary PCI and higher rate of CABG during admission in the ED-triage group. Data were collected at the RHC and while all patients in the field-triage group were accounted for any STEMI patients in the ED-triage group that died at the scene, in the ambulance, or in the local hospital before the RHC was notified were missed by our registry. Glycoprotein IIb/IIIa inhibitors were used more frequently in the field-than in the ED-triaged group (80 vs. 62%) and may reduce mortality in primary PCI. 26 However, this would account for ,0.2% mortality difference between triage groups. 26 Furthermore, subgroups of early and late presenters received similar glycoprotein IIb/IIIa inhibitor therapy, yet the outcomes in terms of infarct size differed significantly. Therefore, the observed difference in Figure 2 Mean values of peak creatine kinase and troponine-T in patients treated with primary PCI by time to hospital presentation; patients presenting within (early presenters) or beyond (late presenters) 120 min of symptom onset. Open bars, emergency department triage; filled bars, field triage. Error bars indicate upper 95% confidence limit. mortality is not explained by differences in glycoprotein IIb/ IIIa inhibitor therapy.
We report our single centre experience with a limited number of patients appreciating the risk of type 1 error and that feasibility, safety, and benefits of new management strategies are better documented by multi-centre experiences and larger sample sizes.
Conclusions and clinical implications
Primary PCI can safely be delivered very fast to a substantial proportion of patients presenting with STEMI in a large metropolitan area. The benefit of fast-tracking these patients to the catheter laboratory appears to be a reduction in infarct size and mortality driven by a particular benefit in patients developing cardiogenic shock. The reperfusion paradigm is highly clinically relevant for primary PCI and a substantial proportion of the potential mortality benefit from this treatment modality appears to be lost with current practice. Every effort should be made to organize treatment pathways that can fast-track STEMI patients to a catheter laboratory.
